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U C I Distributed QoS Control Scott Jordan
University of California, Irvine New Ideas
New ldeas

» Build connections between characterizations
of traffic flows, QoS requests, and network
resource availability

* Negotiations between network and user
agents regarding QoS

» Minimize information exchange using
price & demand
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U C I Distributed QoS Control Scott Jordan
University of California, Irvine Impact
Impact

e Reservation of network resources for each
traffic flow or aggregates of flows in integrated
service architectures

* Priority marking of packets in differentiated
service architectures

» Automate resource management and
QoS management tasks
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University of California, Irvine Resource Allocation: User - Network Interface
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Universiy of Calfornia, Irvine Research Projects: Integrated Services

Integrated Services

Internet - “RSVP”
ATM - virtual circuits

Q bit rate

‘f‘ﬁ_\ (erl C - o . --------<
i ABEBHEERY T time

' B BN OB OB OB O g
I reserve buffer 1
: and bandwidth :
g along route 1

O



dfrey
Approved for Public Release, Distribution Unlimited


UCl

University of California, Irvine

Distributed QoS Control

Approved for Public Release, Distribution Unlimited
Scott Jordan

Research Projects: Differentiated Services
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L) C I Distributed QoS Control Scott Jordan
University of California, Irvine PriCing.' Questions

Integrated Services
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How much buffer and bandwidth
should | reserve ??

Depends on desired QoS and congestion !!

Differentiated Services
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University of California, Irvine Loss surface for a class of on/off sources

Loss probability o
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U C I Distributed QoS Control Scott Jordan

University of Calfforna, Irvine Utility function for a class of on/off sources

Fixed number of sources: N = 500
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500 on/off sources with P(on)=0.3036
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University of Calfornia, Invine Cost for a class of on/off sources under fixed prices
Cost Fixed price:B=4,y=1
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500 on/off sources with P(on)=0.3036
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L) C I Distributed QoS Control Scott Jordan
University of Calfornia, Invine Surplus for a class of on/off sources under fixed prices
Consumer Consumer Surplus = Utility — Cost
Surplli§5 T T T T T T T T T
-198
-201F
-204
-207
_210 | | | | | | | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Loss probability x 107
500 on/off sources with P(on)=0.3036
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L) C I Distributed QoS Control Scott Jordan
University of Calfornia, Irvine Optimal resource allocation under a fixed price ratio
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500 on/off sources with P(on)=0.3036 Ppw & Pps varied with Py,,/Pps held constant
Theorem: dBF/dBW > O iff gs < min [ (9,/9¢)9%, (97/Iw)ww ]
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L) C I Distributed QoS Control Scott Jordan
University of Calfornia, Invine Optimal class loss under a fixed price ratio

Cost Vs Loss
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Loss (in log scale)

500 on/off sources with P(on)=0.3036 Ppw & Pps varied with Py,,/Pps held constant

Theorem: Minimum cost is a decreasing convex function of loss probability
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University of Calfornia, Irvine Optimal resource allocation under increasing prices on bandwidth

Bandwidth Optimal resource allocation when  changes (single link, single class)
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500 on/off sources with P(on)=0.3036 Ppw Varied with Py¢ held constant

Theorem: dBW/dPy,, < 0, dBF/dPy,, > O iff certain conditions on loss function, utility function
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University of Calfornia, Irvine Optimal resource allocation under increasing prices on bandwidth
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120 T T T T T
‘ ‘ ‘ | @ Optimal resource allocation |

110

100

90

80

70

60

50

40

30

20 | | | | |
158 160 162 164 166 168 170
Bandwidth

500 on/off sources with P(on)=0.3036 Ppw Varied with Py¢ held constant
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L) C I Distributed QoS Control Scott Jordan
University of Calfornia, Irvine Optimal loss under increasing prices on bandwidth
Loss
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500 on/off sources with P(on)=0.3036 Py Varied with Py held constant

Theorem: dL/dPy,, > 0 if gy < (9w/9)Is
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L) C I Distributed QoS Control Scott Jordan
Universiy of Calfornia, Irvine Convergence using pricing
Supply Change
25 ' ! ! ! ! Original Demang ]
—— Non-—gradient Algorithm : : : : ginal °
- = Cons_tant Loss_Contour

oagll—— Gradient Algorithm ) \ ]

24.6 - —

2441~ =

242 - —
5 Original Supply ‘
5 24 R - B -
o]

2381 o g

\
\
\
23.6 ' |
\
\
2341 \ _
\
\
232 ' -
g - Changed Supply , , , , |
169 169.5 170 170.5 171 171.5 172 172.5
bandwidth
500 on/off sources with P(on)=0.3036 Bandwidth and buffer supplies varied
Convergence of demand to supply, using proportional step & gradient price updates
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Universiy of Calfornia, Irvine Utility gain with 2 classes: pricing versus non-pricing
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Bandwidth Supply N2: Number of users of class 2

2 classes with 500 on/off sources in each class

class 1: P(on)=0.3036, max loss = 6.8%
class 2: P(on)=0.3300, max loss = 2.2% (higher mean rate, more demanding)

BW supply varied number of sources in class 2 varied

Non-pricing = allocate BW & BF proportional to number of sources in each class
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Utility gain with 2 classes: pricing versus non-pricing

UCl

University of California, Irvine

Total Utility Total Utility
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Total Bandwidth Supply

2 classes with 500 on/off sources in each class

class 1: P(on)=0.3036, max loss = 1% (more demanding)
class 2: P(on)=0.3036, max loss = 10%

BW supply varied number of sources in class 2 varied

Non-pricing = allocate BW & BF proportional to total mean rate of each class
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Buffer of Class 2 Optimal Resource Allocation When Bandwidth Supply Changes
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Bandwidth of Class 2

2 classes with 500 on/off sources in each class

class 1: P(on)=0.3036, max loss = 1% (more demanding)
class 2: P(on)=0.3036, max loss = 10%

BW supply varied

Non-pricing = allocate BW & BF proportional to total mean rate of each class
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Resource allocation with 2 classes: pricing versus non-pricing

Buffer of Optimal Resource Allocation when N2 changes
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Bandwidth of Class 2
2 classes with 500 on/off sources in class 1 & varying number in class 2
class 1: P(on)=0.3036, max loss = 1% (more demanding)
class 2: P(on)=0.3036, max loss = 10%
number of sources in class 2 varied
Non-pricing = allocate BW & BF proportional to total mean rate of each class
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Utility gain with 2 classes: pricing versus non-pricing

Total Utility Total Utility
1100 _ 1100 : ‘
—& Pricing I
N - —&— Pricing
i*1épo P " 1000
- B— ———
900 900 -
800 800 -
700 700
600 600 -
500 500
400 400
300 300
=
200+ | 2001
I
100l }( 100 F
! 0 | | | | | | | |
0 : : : : 260 465 470 475 480 485 490 495 500 505
370 385

380
Total Bandwidth Supply

2 classes with 500 on/off sources in each class

class 1: P(on)=0.3036, max loss = 1%

class 2: P(on)=0.4000, max loss = 1% (higher mean rate)

BW supply varied

Non-pricing = allocate BW & BF proportional to total mean rate of each class

Number of Sources of Class 2

number of sources in class 2 varied
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